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1DWLRQDO8QLYHUVLW\RI6LQJDSRUH6LQJDSRUH,QVWLWXWHRI0DWHULDOV5HVHDUFKDQG(QJLQHHULQJ
6LQJDSRUH
7KH TXHVW IRU KLJK SHUIRUPDQFH PHPEUDQHV WR DFKLHYH PRUH HIIHFWLYH JDV VHSDUDWLRQ KDV
JDWKHUHGSDFHRYHU WKHSDVWGHFDGHVDV WKHGHPDQG IRUFOHDQHUHQHUJLHVDQGKLJKHUHQHUJ\
HIILFLHQFLHVFRQWLQXRXVO\ LQFUHDVHVGXH WRHQYLURQPHQWDOFRQFHUQDQGGHSOHWLRQRI IRVVLO IXHOV
$OWKRXJK SRO\PHUV KDYH EHHQ VWXGLHG H[WHQVLYHO\ WR SUHSDUH JDV VHSDUDWLRQ PHPEUDQHV E\
XWLOL]LQJ VSHFLILFPDWUL[JDVPROHFXOHV LQWHUDFWLRQV WKH ODFN RI DGHTXDWH VWUXFWXUDO VWDELOLW\ LQ
KDUVKHQYLURQPHQWVKDVOLPLWHGWKHLUDSSOLFDWLRQV$OWHUQDWLYHO\LQRUJDQLFPDWHULDOVKDYHEHHQ
WRXWHGDVWKHXOWLPDWHPDWHULDOVIRUHQGRZLQJVXSHULRUJDVVHSDUDWLRQSHUIRUPDQFHVLQVSLWHRI
LQYROYLQJIDUPRUHFRPSOH[IDEULFDWLRQWHFKQLTXHV7RKDUQHVVERWKDWWUDFWLYHDGYDQWDJHVZKLOH
PLQLPL]LQJ WKHLU OLPLWDWLRQV UHVHDUFKHUV KDYH SXUVXHG LQQRYDWLYH H[SORLWDWLRQ RI H[LVWLQJ
PDWHULDOV VXFK DVPL[HGPDWUL[ FRPELQDWLRQ EHWZHHQSRO\PHU DQG LQRUJDQLF SKDVH ]HROLWH
PHWDORUJDQLFIUDPHZRUNDQGPHVRVLOLFD

&DUERQ WKH IRXUWK PRVW DEXQGDQW HOHPHQW RQ HDUWK H[LVWV LQ QXPHURXV DOORWURSHV WKURXJK
GLIIHUHQW VSDWLDO DUUDQJHPHQWV RI FDUERQ DWRPV 7KH GLYHUVLW\ LQ ERQGLQJ DQG LWV FDWHQDWLRQ
SURSHUWLHVLHWKHDELOLW\WRIRUPODUJHVWDEOHIUDPHZRUNVRILQWHUFRQQHFWLQJERQGVZLWKGLIIHUHQW
K\EULGL]DWLRQV SURGXFHV YHUVDWLOH VWUXFWXUHV ZLWK IDVFLQDWLQJ SURSHUWLHV DQG DSSOLFDWLRQV LQ D
YDULHW\RIGLVFLSOLQHV2QHVXFKSURSHUW\RIFDUERQLVWKHDELOLW\WRVLHYHRXWJDVPROHFXOHVZLWK
GLIIHUHQW VL]HV GXH WR LWV ORQJUDQJH VS VNHOHWRQ ZKLFK KDV VHHQ LW EHLQJ H[SORUHG DV D
PHPEUDQH PDWHULDO FRPPRQO\ NQRZQ DV FDUERQ PROHFXODU VLHYH PHPEUDQHV &060 7KH
PRVW GLUHFW URXWH RI V\QWKHVL]LQJ &060 LV E\ S\URO\VLV RI D SRO\PHULF SUHFXUVRU ZKHUH
WKHUPRVHWWLQJUHVLQ LVRIWHQSUHIHUUHG,W LVZLGHO\EHOLHYHGWKDWWKHWKHUPDOVWDELOLW\RISRO\PHU
SUHFXUVRUHQDEOHVWKHFDUERQEDFNERQHWREHPDLQWDLQHGGXULQJWKHWUDQVIRUPDWLRQRISRO\PHU
WR FDUERQ E\ KHDW WUHDWPHQW ZKLFK KHQFH PLQLPL]HV WKH JHQHUDWLRQ RI GHIHFWV GXULQJ WKH
FRQYHUVLRQ

7KLVSUHVHQWDWLRQ IRFXVHVRQDQHZFODVVRISRO\PHUSUHFXUVRU±FRQGXFWLQJSRO\PHUVZKLFK
SRVVHVV FRQMXJDWHG EDFNERQHV 7KH GLIILFXOW\ RI REWDLQLQJ D GHQVH FDUERQ PHPEUDQH IURP
WKHVHSRO\PHUV OLHV LQ WKHLU FRPSDUDWLYHO\ ORZ WKHUPDO VWDELOLW\ GHJUDGDWLRQ RFFXUV XVXDOO\ LQ
UHODWLYHO\ ORZHU WHPSHUDWXUH UDQJH  WR & FUHDWLQJ GHIHFWV LQ WKH GHQVHPHPEUDQH
PDWUL[DQGOD\LQJGRZQWKHPDUNHUIRUWKHGHYHORSPHQWRIPHVRRUPDFURSRURVLW\7KHSUREOHP
LV FRPSRXQGHG E\ WKH LQVROXELOLW\ RI FRQGXFWLQJ SRO\PHU RZLQJ WR WKH FRQMXJDWHG FKDLQ
VWUXFWXUH 7KXV LW LV QRW SRVVLEOH WR UHDOL]H D GHQVH FDUERQ PHPEUDQH E\ WKH FRQYHQWLRQDO
IDEULFDWLRQ WHFKQLTXH +RZHYHU VXFK VS K\EULGL]HG FDUERQ FKDLQV IDYRUV WKH IRUPDWLRQ RI
SRO\DURPDWLF K\GURFDUERQV 3$+V ZLWK ' FRQMXJDWHG FDUERQ FRQILJXUDWLRQV WKH NH\
FRQVWLWXHQW XQLW LQ D FDUERQPHPEUDQH ,GHDOO\ WKH SDFNLQJ RI ³JUDSKHQHOLNH´ IODNHV GHULYHG
IURP3$+VSURYLGHVPLFURSRURVLW\IRUVLHYLQJLQWKHUDQJHRIcZKLOHWKHUHJLRQVFRQQHFWLQJ
HDFK IODNH LVODQG HQKDQFH WKH JDV SHUPHDELOLW\ WKURXJK WKHPHGLXP 7KH JDV WUDQVSRUWDWLRQ
SKHQRPHQRQ WKURXJK WKHVH XQLTXH VWUXFWXUHV KDV QHYHU EHHQDWWHPSWHG E\ UHVHDUFKHUV DQG
KHQFH RXU PRWLYDWLRQ WR LQYHVWLJDWH WKH FDUERQ PHPEUDQH JHQHUDWHG IURP D FRQGXFWLQJ
SRO\PHUSUHFXUVRU
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)LJXUH  6FKHPDWLF RI IRUPDWLRQ RI LQWHUIDFLDO FKDUJHGJUDIWHG GRXEOH SRO\PHU OD\HUV IRU
UHDOL]DWLRQRIFDUERQPHPEUDQHXVLQJFRQGXFWLQJSRO\PHU

3UHYLRXVO\ZHLQWURGXFHGDJUDIWLQJWHFKQLTXHXVLQJDVXOIRQDWHVXUIDFWDQWDVDWWDFKLQJPRLHW\
WR RYHUFRPH WKH RWKHUZLVH LQVROXEOH WUDLW RI FRQGXFWLQJ SRO\PHU >@ +RZHYHU QRW HYHU\
FRQGXFWLQJSRO\PHUFDQEHJUDIWHGE\DORQJPROHFXODUVHJPHQWGXHWRWKHVWHULFKLQGUDQFHDW
JUDIWLQJVLWH7KLVEULQJVXVWRWKHPDLQWKHPHRIWKLVUHVHDUFK±XWLOL]LQJWKHLQWHUIDFLDOFKDUJHWR
DGKHUHDQ LQVLWXJHQHUDWHGS\UUROHW\SHSRO\PHU ILOP WKURXJK LRQSDLULQJDWPXOWLVLWHVZKLFK
WKXV OHG WR D FKDUJHGJUDIWHG GRXEOH OD\HU )LJ 7KLV GHVLJQ VXFFHVVIXOO\ RYHUFRPHV WKH
LQVROXELOLW\WUDLWRIFRQGXFWLQJSRO\PHU7KHGRXEOHOD\HUFRPSULVHGRIDSRO\VW\UHQHVXOIRQLF
DFLG 366$SULPHFRDWDQGDQ LQVLWXSRO\PHUL]HG SRO\QPHWK\O S\UUROH 3P3\ OD\HU7KH
UDWLRQDO IRU DGRSWLQJ366$  FRPHV IURP  WKH K\GURSKLOLF366$PDWUL[ DFWV DV D SHUWLQHQW
ORGJHUIRUWKHGRFNLQJRIZDWHUVROXEOHLQLWLDWRUZKLFKLVQHFHVVDU\IRUWKHLQVLWXSRO\PHUL]DWLRQ
VWHSWKH366$SRO\PHUSURYLGHVSOHQW\RISHQGHQWVXOIRQLFDFLGJURXSIRUWKHDQFKRUDJHRI
WKH LQVLWHJHQHUDWHG3P3\ WKURXJKSURWRQH[FKDQJHDQG LRQSDLULQJ1PHWK\O S\UUROH P3\
ZDV VHOHFWHG LQVWHDG RI S\UUROH GXH WR WKH OHVV UHDFWLYLW\ QDWXUH RIP3\ ZKLFK EHQHILWV WKH
PLQLPL]DWLRQRI IRUPLQJGRPDLQPDWUL[ WKDW LVNQRZQ WREHDGHWULPHQWDO WR WKH IRUPDWLRQRID
XQLIRUPFDUERQPDWUL[

&RQWUDU\RQ WKH IRUPHUSRO\S\UUROH URXWH WKH3P3\ OD\HUZDVGHYHORSHGRQ WKH366$SULPH
FRDWE\WKHDIRUHPHQWLRQHGLQVLWXILOPIRUPLQJURXWHQDPHO\ZKHQP3\PRQRPHUZDVGLUHFWO\
FRDWHG RYHU WKH LQLWLDWRUHPEHGGHG 366$ OD\HU WKH SRO\PHUL]DWLRQ WRRN SODFH IRUWKZLWK WR
JHQHUDWH D3P3\ WKLQ ILOP1RRUJDQLF VROYHQWZDV XVHG WR REWDLQ VXFK D SRO\PHU SUHFXUVRU
OD\HU ZKLFK LV D XQLTXH FKDUDFWHULVWLF RI WKLV WHFKQLTXH 0RUHRYHU WKH SUHVHQFH RI PXOWLSOH
JUDIWLQJVLWHV>>1&++⋅26 2−@EHWZHHQ3P3\DQG366$OD\HUVHQVXUHVWKHVWUXFWXUDO
LQWHJULW\RIWKH3P3\WRSFRDWWKURXJKWKHFRXUVHRIFDUERQL]DWLRQ7KH366$OD\HUXQGHUQHDWK
XQGHUWRRNDVZLIWHOLPLQDWLRQRIVXOIRQLFDFLGJURXSVLQWKHWHPSHUDWXUHUDQJHRI±&
ZKLFK SURGXFHG D KXJH DPRXQW RI IUHHUDGLFDO VSHFLHV DQG WKHUHE\ UHVXOWHG LQ D FURVVOLQNHG
SRO\PHUQHWZRUN6LPXOWDQHRXVO\ WKH IUHHUDGLFDOVVSHFLHVFUHDWHGFKHPLFDOERQGLQJZLWK WKH
RYHUO\LQJ3P3\OD\HUEHIRUHLWZDVS\URO\]HG7KH366$LQKHULWHGSRO\PHUQHWZRUNXQGHUQHDWK
KDVEHHQIRXQGWREHVWDEOHXQWLO&DQGLWDFWHGDVDEXIIHUDJDLQVWVWUHVVJHQHUDWHGLQWKH
FDUERQL]LQJ3P3\ OD\HU+HQFH WKH UHVXOWLQJFDUERQPHPEUDQHSRVVHVVHGDJUDGLHQWPDWUL[
GHQVLW\ ZKLFK SURYLGHV SRUH VL]HV LQ WKH UDQJH RI c WR FKDQQHO JDV PROHFXOHV WR WKH
VLHYLQJUHJLRQVLHWKHGHQVHUPDWUL[
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)LJXUH)(6(0 LPDJHVRI WKHFDUERQPHPEUDQH IDEULFDWHGRQ DPDFURSRURXVFHDUPLFDW
GLIIHUHQWS\URO\VLVWHPSHUDWXUHDE&F&

7KHJDVVHSDUDWLRQWHVWFRQGXFWHGRQWKHUHVXOWLQJFDUERQPHPEUDQHVLQGLFDWHGWKHUHDOL]DWLRQ
RI WKHGHIHFWIUHHGHQVHDV\PPHWULFDOPHPEUDQHV)LJ7KHWUDQVSRUWDWLRQSKHQRPHQRQRI
WKH JDV H[DPLQHG WKURXJK WKH FDUERQ PHPEUDQH UDQJHV IURP PROHFXODU VLHYLQJ VXUIDFH
GLIIXVLRQRU.QXGVHQGLIIXVLRQGHSHQGLQJRQ WKHFRQGLWLRQVRIFDUERQL]DWLRQZKLFKSURIRXQGO\
DIIHFWHGWKHGRPLQDQWVWUXFWXUHVDQGWKHHPEHGGHGSRUHVL]HVLQWKHFDUERQPHPEUDQH7KHVH
DWWULEXWHV RI FDUERQPHPEUDQH FRXOG EH WXQHG WKURXJK D FRQWURO RYHU S\URO\VLV WHPSHUDWXUH
GZHOOLQJ WLPHDQGKHDWLQJ UDWHRIZKLFK WKHVSHFLILFDVSHFWVZLOOEHGLVFXVVHG LQGHWDLO+LJK
SHUIRUPDQFH PROHFXODU VLHYLQJ FDUERQ PHPEUDQH ZLWK VHOHFWLYLW\ RI &2&+ RI  ZLWK D
SHUPHDELOLW\RIEDUUHOIRU&2KDVEHHQDFKLHYHGDWWKHRSWLPDOFRQGLWLRQV,QFRQFOXVLRQ
WKLVZRUNSURSRVHVDQDOWHUQDWLYHV\QWKHVLVVWUDWHJ\WRFDUERQPHPEUDQHZLWKWKHSRWHQWLDO WR
WXQHLWVVWUXFWXUHWKURXJKFKHPLVWU\GHVLJQDWPROHFXODUOHYHO

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